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(54) Hydrogenated octasilsesquioxane- vjnyl group- containing copolymer and method for 
manufacture 

(57) A method for manufacturing an organic solvent-soluble hydrogenated octasilsesquioxane-vinyl group-contain- 
ing compound copolymer comprising reacting 1 mol of(A) a hydrogenated octasilsesquioxane described by formula 1 
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with 0.2 to less than 3 mol of (B) a divinyl group-containing compound described by formula (2) 

CH2=CH-L-CH=CH2 
where L is selected from the group consisting of 



Formula 2 



(a) a divalent hydrocarbon group comprising 3 to 10 carbon atoms and 

(b) •(SiR20)m-SiR2-, where each R is independently selected from the group consisting of aikyls comprising 1 to 6 
carbon atoms and aryls comprising 6 to 9 carbon atoms and 1 ^ m ^ 10; In the presence of a hydrosiiylation cata- 
lyst. 
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Description 

BACKGROUND OF INVENTION 

[0001] The present invention relates to a an organic solvent-soluble organopolysiloxane having a cage structure, 
and more particularly to an octasilsesquioxane-containing copolymer to its method of manufacture. 
[0002] Because of their excellent heat resistance, electrical insulation, flame resistance, weatherproofness. and so 
forth, organopolysiloxanes have been utilized in the past as resist materials for semiconductors, insulator materials for 
motors, impregnated insulator materials for transformers, paints, primers, and so on (see "Silicone Handbook." edited 
by Kunio Ito, published in 1990 by Nikkan Kbgyo Shinbunsha). Many different compositions and structures are known 
for organopolysiloxanes, and there is also a wide variety to their properties. 

[0003] Still, there is a need for further improvements In the characteristics of these electrical and electronic materi- 
als. Examples of these characteristics include insulation, heat resistance, and durability. 

[0004] The following art is known in regard to methods for manufacturing a copolymer In which a silsesquioxane is 
one of the copolymerization components. 

[0005] Lichtenhan et al. have disclosed a method for manufacturing a copolymer in which a polyhedral oligomeric 
silsesquioxane is crosslinked (bonded) with a difunctional silane. siloxane, or organometal compound having a func- 
tional group such as an amine (J.D. Lichtenhan et al., U.S. Patent 5,412,053; J.D. Uchtenhan et al.. US. Patent 
5.589.562; and J.D. Lichtenhan et al., Chem. Mater., 1996. 8. 1250-1259). All of these disclose a method for manufac- 
turing a copolymer in which a so-called incomplete cage structure where there is a defect in the cage of a silsesquiox- 
ane (a structure tiiat is not a perfect octahedron, with part thereof missing) is bonded with a siloxane. 
[0006] J.D. Uchtenhan et al.. (Comments Inorg. Chem., 1995. 17. 1 15-130) have also disclosed a method for man- 
ufacturing a copolymer whose main chain Is a silsesquio)Qne with an incomplete cage structure bonded witii a siloxane 
or the like, and a method for manufacturing a copolymer in which a silsesquioxane with a cage structure is used as a 
pendant copolymerization component, and methacrylic acid is used as the copolymer main chain component. 
[0007] Furthermore. J.D. Uchtenhan et al. (Macromolecules, 1993. 26, 2141-2142) have disclosed a method for 
manufacturing a silsesquioxane-siloxane copolymer by reacting bis(dimethylamino)silanes or tiie like witii the OH 
groups bonded to the silicon atoms located In tiie corners of the incomplete cage structure of a silsesquioxane. 
[0008] Methods for manufacturing a copolymer by reacting a silsesquioxane having an incomplete cage structure 
witii another compound have been disclosed in J.D. Uchtenhan et al. U.S. Patent 5.484.867 and by Selllnger et al. in 
Macromolecules. 1996. 29. pp. 2327-2330. 

[0009] U.S. Patent 5.484,867 discloses a method for manufacturing a graft copolymer having a pendent silsesqui- 
oxane in which a vinyl group-containing compound is bonded in the corner of a silsesquioxane with an Incomplete cage 
structure, and this compound is graft polymerized to another copolymer via the above-mentioned vinyl group, as well 
as a metiiod for manufacturing a silsesquioxane-added ABA-type block copolymer obtained by the reaction of the vinyl 
groups of the above-mentronKi vinyl group-containing silsesquioxane compound and a copolymer having vinyl groups 
at both ends. There is general mention that variable factors such as substituents affect the thermal characteristics, sol- 
ubility, and so forth of the copolymer that is obtained. 

[0010] The above-mentioned article by Selllnger et al., Macromolecules, 1996, 29, pp. 2327-2330, discusses a 
method for manufacturing a cage-type silsesquioxane in which metiiacrylate groups have been introduced at a plurality 
of the cage comers by subjecting propargyl methacrylate and a cage structure silsesquioxane to hydrosllylation. and it 
is stated that the product obtained by this method is soluble in organic solvents. 

[001 1 ] Nevertheless, the above-mentioned publications do not discuss a metiiod for manufacturing a soluble copol- 
ymer consisting of one or more linked hydrogenated octasilsesquioxanes by reacting and bonding the hydrogen of 
hydrogenated octasilsesquloxane with at least one of the vinyl groups of a compound having vinyl groups at both ends 
through hydrosilylation. 

[001 2] Hoebbel et al. (J. Non-Crystalline Solids, 1 76 (1 994), 1 79-1 88)) have disclosed a method for manufacturing 
a complete cage-type silsesquioxane compound in which vinyl groups are bonded at a plurality of the cage corners via 
Si-O- bonds, and have reported that the copolymer ot>tamed from this compound is a transparent gel (that is. tiie copol- 
ymer tiius obtained is insoluble). 

[0013] Furthermore. I. Hasegawa (J. of Sol-Gel Sd. and Technol. (1995), 5 (2), 93-100) has disclosed a method for 
manufacturing a compound in which the cage structure of silsesquioxane is not destroyed, and is merely bonded witii 
dimethylsilyl groups. 

[0014] None of tiie cited literature has disclosed a method for manufacturing a copolymer that is soluble in organic 
solvents and has hydrogenated octasilsesquloxane on its main chain by reacting a hydrogenated octasilsesquloxane 
having a cage structure (that is. hydrogenated octasilsesquio)Qne) and a compound having vinyl groups at both ends 
by a hydrosilylation reaction. 

[0015] There has been a need for a copolymer that has excellent electrical insulation properties and whose heat 
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resistance, weatherproofness, oxidation resistance, and so forth are superior to those obtained with the above-men- 
tioned prior art. It is an object of the present invention to provide a method for manufacturing a material that meets the 
above need, namely, an organic solvent-soluble copolymer (hereinafter referred to as the" present copolymer", in which 
hydrogenated octasiisesquioxane and a compound having vinyl groups at both ends are allowed to react by hydrosilyla* 
tlon. Here, the compound having vinyl groups at both ends Is one of the monomer components that constitute the copol- 
ymer, but in the sense that it has an action of bonding the hydrogenated octasiisesquioxane, it can also be called a 
crosslinking agent. 

SUMMARY OF INVENTION 

[001 6] The present invention is an organic solvent-soluble hydrogenated octasilsesquioxane-vinyl group-containing 
copolymer and its method of manufacture. The method comprises reacting 1 mol of (A) a hydrogenated octasiisesqui- 
oxane described by formula 1 
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Formula 1 
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with 02 to less than 3 mol of (B) a divinyl group-containing conpound described by formula (2) 

CH2=CH-L-CH=CH2 
where L is selected from the group consisting of 



Formula 2 



(a) a divalent hydrocarbon group comprising 3 to 10 carbon atoms and 

(b) -(SiR20)m -SiR2-, where each R is independently selected from the group consisting of alkyls comprising 1 to 
40 6 carbon atoms and aryls comprising 6 to 9 carbon atoms and 1 ^ m ^ 1 0; in the presence of a hydrosilylation cat- 
alyst. 

DESCRIPTION OF INVENTION 

45 [GDI 7] The present invention is an organic solvent-soluble hydrogenated octasilsesquioxane-vinyl group-containing 
copolymer and its method of manufacture. The method comprises reacting 1 mol of (A) a hydrogenated octasiisesqui- 
oxane described by formula 1 
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with 0.2 to less than 3 mol of (B) a divinyl group-containing compound described by formula (2) 

20 

CH2=CH-L-CH=CH2 Formula 2 

where L is selected from the group consisting of 

25 (a) a divalent hydrocarbon group comprising 3 to 10 carbon atoms and 

(b) -{SiR20)m -SiR2- , where each R is independently selected from the group consisting of alkyls comprising 1 to 
6 carbon atoms and aryls comprising 6 to 9 carbon atoms and 1 ^ m ^ 10; in the presence of a hydrosilylation cat- 
alyst. 

30 [0018] As shown in Formula 1, the hydrogenated octasilsesquioxane (A) has a cage structure in which hydrogen 
atoms are bonded to the silicon atoms that constitute the corners of the cage. The present Invention provides a method 
by which the structural advantages of both components can be taken advantage of by using tiie above-mentioned divi- 
nyl compound (B) as a bond portion with the above-mentioned hydrogenated odasilsesquioxanes (A) (alternating block 
copolymer component). 

35 [001 9] The present hydrogenated octasilsesquioxane-vinvi group-containing copolymer (hereinafter in tiie alterna- 
tive referred to as "present copolymer") combines the characteristics originating in the hydrogenated octasilsesquiox- 
ane (A) (such as its strength and electrical characteristics} with the flexibility originating in the divinyl compound (B). 
Accordingly, this copolymer will exhibit excellent insulation characteristics, heat resistance, strength, and so forth when 
used in applications such as impregnation materials, interlayer materials, cover films, and molding materials. 

40 [0020] The hydrogenated octasilsesquioxane-vinyl group-containing copolymer obtained by the meUiod of tiie 
present Invention is believed to be such that the SiH functionality at tiie corners of the cage structure form siloxane 
bonds with tiie SiH f inctionality of other cage structure corners when the copolymer is heated, allowed to stand, or oth- 
erwise handled after being applied to the required area in a mode of coating, packing, molding, or the like. As a result, 
the copolymer obtained with the present invention can be used to construct a three-dimensionally reticulated structure, 

45 creating a cover film, layer, molded article, or interlayer insulation material witii excellent mechanical properties and 
improved stability, heat resistance, oxidation resistance, and Insulation characteristics. 

[0021 ] The present copolymer is obtained by reacting tiie hydrogenated octasilsesquioxane compound (A) with the 
divinyl compound (B) in the proportions specified in the manufacturing method of the present invention. Here, softness 
and flexibility are introduced into the above-mentioned copolymer and tiie above-mentioned characteristics are syner- 
50 gistically improved by tiie use of divinyl group-containing compound (B). The flexibility infa'oduced into this copolymer 
makes it easier to apply an insulation coating, for instance, forming a coating film tiiat is free of defects and aeating 
toughness in the resulting film. 

[0022] Octasilsesquioxane generally has high crystallinity, and the same holds true for hydrogenated octasilsesqui- 
oxane, so it is not easy to obtain a good cover film witii hydrogenated octasilsesquioxane alone. 
55 [0023] The present hydrogenated octasilsesquioxane-vinvl group-containing compound copolymer is amorphous, 
and furthermore is soluble in organic solvents, so the excellent characteristics had by hydrogenated octasilsesquioxane 
(such as its mechanical properties, electrical characteristics, and curability) can be put to use in many applications, 
including insulation materials. 
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[0024] After being applied to a substrate, the present copolymer is cured when the SiH functionalities contained in 
the octasilsesquioxane structures of this copolymer form siloxane bonds with the residual SiH functionalities of other 
octasilsesquioxanes. Depending on the atmosphere and conditions, this curing reaction may produce hydrogen gas as 
a by-product 

5 [0025] For instance when prior art materials are used as an insulation material, after they have been applied over 
an electronic substrate or a silicon wafer, by-products may result from reactions between unreacted functional groups 
under harsh conditions such as high temperature. In the case of the present copolymer, even if there is a by-product, 
the fact that it is hydrogen gas is clearly advantageous in terms of maintaining the electrical characteristics or mechan- 
ical properties of the insulation material or affecting the object to which it is applied, as compared to an insulation mate- 

10 rial that gives off by-product substances including carbon atoms or chlorine atoms. 

[0026] The substitutent L of divinyl group-containing compound (B) described by Formula 2 (CH2=CH-L-CH=CH2) 
is selected from the group consisting of (a) a divalent hydrocarbon group comprising 3 to 10 carbon atoms and (b) - 
(SiRaO)^ -SiR2-, wh^e each R is independently selected from the group consisting of alkyls comprising 1 to 6 caibon 
atoms and aryls comprising 6 to 9 carbon atoms and 1 ^ m ^ 10. 

IS [0027] If the hydrocarbon group (a) has less than 3 carbon atoms, the monomer component will be prone to vola- 
tilization and the material will be more difficult to handle, and furthermore tiie improvement to the properties will be inad- 
equate for such reasons as the poor flexibility of the obtained copolymer. If the hydrocarbon group (a) has over 10 
carbon atoms, however, tiiere will be a relatively small proportion of cage structure hydrogenated octasilsesquioxane In 
the copolymer, and the various characteristics had by tiie present copolymer will not be fully realized. As long as it 

20 reacts with the SiH functionality at tiie cage structure corners of the hydrogenated octasilsesquioxane so tiiat the 
present copolymer exhibits the desired effect, the above-mentioned hydrocarbon groups (a) may be either linear or 
branched aliphatic hydrocarbon groups or aromatic hydrocarbon groups, and some of the substituents may be hetero 
atoms otiier than cait^on or hydrogen atoms, such as fluorine, silicon or oxygen. It is preferable to select an aromatic 
hydrocarbon group as tiie above-mentioned hydrocarbon group because heat resistance will be enhanced. When the 

25 reaction of the SiH functionality at tiie corners of the cage structure is taken into account, it is preferable for the above- 
mentioned aliphatic hydrocarbon groups to be saturated. 

[0028] As to tiie repeating units of tiie above-mentioned siloxane (b), in is set to be at least 1 and no greater than 
10 and R Is as described above. When an aryl group is selected for R. heat resistance Is better tiian It would be otiier- 

wise. 

30 [0029] Specific examples of L within the scope of the above-mentioned (b) include - R^R'^Si-O-SiR^R^- and - 
(R^R^SiO)m-SiR^R^ where R^ and R"^ are each independently selected Ci to Ce linear or brandied alkyi groups or a 0$ 
to Cg aryl group, and m is a number from 2 to 1 0. 

[0030] The following are specific examples of divinyl group-containing compound (B) described by the above For- 
mula 2. Specific examples when L in General Formula 2 is selected from among the above-mentioned (a) include 
55 CH2=CH-{CH2)3-CH=CH2. CH2=CH-(CH2)4-CH=:CH2. CH2=CH-(CH2)5-CH=CH2. CH2=:CH-(CH2)6-CH=CH2, 
CH2=CH-(CH2)7-CH=CH2, CH2=CH-(CH2)8-CH=CH2. CH2=CH-(CH2)9-CH=CH2. CH2=CH-(CH2)io-CH=CH2, 
CH2=CH-Ar-CH=CH2 p.e. 1,4-divinylbenzene), CH2=CH-ArF4-CH=CH2 (i.e. 1,4-divinyl-2,3,5,6-tetrafluorobenzene). 
and CH2=CH-CH2-C(CH3)2-CH2-CH=CH2, where in the above formulas, Ar is a phenylene group, and ArF4 is a 
tetrafluorophenylene group. 

40 [0031] Specific examples when L Is selected from among the above-mentioned (b) Include CH2=CH- 
Si(CH3)20Si(CH3)2-CH=::CH2, CH2=CH-(Si(CH3)20)xSi(CH3)2-CH=CH2. and CH2=CH-Si(Ph)20Si(Ph)2-CH=CH2. 
where In the above formulas, x is 2 to 10, and Ph is a phenyl group. 

[0032] The divinyl group-containing compound (B) must be reacted in an amount of at least 0.2 mol but less tiian 3 
mol per mole of the hydrogenated octasilsesquioxane (A). If the divinyl group-containing compound (B) accounts for 

45 more than 3 mpl, the resulting copolymer will be in the form of a gel and its solubility in organic solvents will be lost. The 
reason for this is believed to be that If an excess amount of divinyl group-containing compound (B) is used, more of it 
than necessary will be added at the corners of the cage structure hydrogenated octasilsesquioxane, so more cage 
structure tiian necessary will be formed. On the other hand, at less than 0.2 mol, a crosslinked structure will not be 
formed to tiie required extent necessary for good, heat resistance, electrical insulation, flame resistance, weatherproof- 

50 ness, and mechanical properties such as strengtii and toughness and the finished product will not have the required 
combination of these properties for an Insulation material. 

[0033] In order to facilitate a better understanding of the present invention, working and comparative examples of 
this invention will be given, including manufacturing examples of the hydrogenated octasilsesquioxane tiiat serves as a 
raw material in the manufacturing metiiod of the present invention. This does not mean, however, that the present 
55 invention is limited to just tiiese embodiments. 
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Method for manufacturing hydrogenated octasilsesquioxane 

[0034] In the process of manufacturing a solid polymer resin according to the method outlined in Working Example 
1 of Japanese Patent Publication S43-31838, the beazene phase was washed until neutral, after which the benzene 
5 solution was filtered, and the insoluble substance thus obtained was collected and washed with hexane. The substance 
that was insoluble in the hexane was analyzed by the following methods. 

[0035] GPC was conducted with a Tosoh chromatograph equipped with a TSKget G2Q00Hhr column using toluene 
as the mobile phase. The and ^^Si NMR spectra were recorded with a Bruker 300 mHz spectrometer. X-ray diffrac- 
tion analysis was conducted with a JEOL JDX-3530 diffractometer by means of CuKa radiation and a graphite mono- 
10 chrometer. GC mass analysis was conducted with a Shimadzu GC-MSQP1000EX chromatograph using a DB-5 
column. The best separation occun-ed when the temperature was raised from an initial temperature of SO^'C to SOO^'C 
at a rate of 40°C/min and held tiiere for 30 minutes. 
[0036] The results of this analysis were as follows. 

15 Identification Data 



MS: (M-HB m/z= 432 d 

20 IR (Nujolmull. KBr plates): 2290 (s). 1140 (vs), 918 (W), 885 (sh). 870 (s). ^^Si NMR (Cg Dg. (CH3)4Si = 0. 
Cr(acac)3 0.026 M): 5 = -84.452 (s). 
MS: mass spectrum 
IR: infrared absorption spectrum 

25 [0038] The above analysis results confirm tinat the substance that was obtained by the above-mentioned manufac- 
turing method that was insoluble in hexane was hydrogenated octasilsesquioxane ("Tg). 

Synthesis of hydrogenated octasilsesquioxane-containing copolymer 

30 [0039] The reaction between the hydrogenated octasilsesquioxane compound (A) and tiie divinyl group-containing 
compound (6) can be conducted in an organic solvent such as toluene^ using any hydrosilylation catalyst used in ordi- 
nary hydrosilylation or for adducttype silicone rubbers and the like as the reaction catalyst. The hydrogenated 
octasilsesquioxane used here was manufactured by tiie above method, but a commercially available product can also 
be used. 

35 [0040] Specific examples of the above-mentioned catalyst include platinum chloride, chloroplatinic acid, a platinum- 
olef in complex, a platinum-phosphine complex, a platinum-vinylsiloxane complex, and solutions of these. 
[0041] There are no particular restrictions on the amount in which the catalyst is used, as long as it is the amount 
required for the reaction, but it is preferable for tiie amount to be such that tiiere is a molar ratio of platinum of 1/100,000 
to 1/100 per mole of the vinyl groups in Formula 2. 

40 [0042] Toluene is usually used as the organic solvent. The reaction temperature is selected from a range of room 
temperature to below tiie boiling point of the organic solvent. The reaction is generally conducted at normal pressure. 
[0043] TTie repeating units of tiie present copolymer are described by the following formula, for example. 



[0037] 
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55 [0045] The copolymer described by the above formula exhibits a structure in which vinyl groups have undergone B- 
addition, and it is clear that the copolymer obtained from the reaction may in some cases be a copolymer including a 
structure In which there are 6-added vinyl groups. 

[0046] The above formula Is an example of a typical copolymer having a linear structure, in which the vinyl groups 
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have reacted with the hydrogens at diagonally opposed locations. In a copolymer that is actually manufactured, it is 
believed that there will also be some molecules in which vinyl groups have reacted with three or more of the hydrogens 
of the hydrogenated octasilsesquioxane. The use of divinyl group-containing compound (B) as above facilitates the 
bonding of the hydrogenated octasilsesquioxane (A), allowing the above-mentioned copolymer to be manufactured 
5 more efficiently. Also, compared to a copolymer reaction that forms siloxane bonds by condensation, the amount of 
reaction product Is smaller, and there are fewer adverse effects on the cover film or other finished product resulting in 
fewer defects and a finished product is obtained with excellent toughness and other aspects of mechanical strength, as 
well as Insulation properties and other electrical characteristics. 

[0047] Furthermore, tiie present copolymer can be made Insoluble or harder or softer by varying the reaction com- 
10 ponents (such as the length of the molecular chain of compound (B) and tiie constituent atoms), the reaction conditions, 
and so fortii. In more specific terms, If a component witii a long chain is used as the linking component (crossllnking 
component), a relatively soft final copolymer can generally be obtained. With linking components of a given carbon 
number, one with a branched structure will yield a harder copolymer than one that Is linear. Also, in general, a copoly- 
mer with a correspondingly higher viscosity is obtained as the amount of crossllnking component increases. 
75 [0048] The most important thing in the manufacturing metiiod of tiie present invention is to obtain a copolymer that 
is amorphous and soluble In organic solvents. This is accomplished by setting the molar ratio of the hydrogenated 
octasilsesquioxane (A) and divinyl group-containing compound (B) as above, so that compound (B) is added to the 
method In at least 0.2 mol but less than 3 mol per mole of hydrogenated octasilsesquioxane. 
[0049] In addition to solubility in organic solvents, good viscosity and flexibility can be ensured in the present copol- 
20 ymer by the divinyl compound (B), so the electrical insulation and weatherproofness that are characteristics of tiie 
hydrogenated octasilsesquioxane can be fully realized. As a result, tiie present copolymer can be utilized in a wide 
range of applications, Including materials for forming an insulating cover film, weatherproof paint materials, and lami- 
nate binders (interlayer insulation). 

[0050] Another feature of tiie manufacturing method of the present invention is that the viscosity, flexibility, and so 
25 forth of ttie copolymer can be adjusted to suit the Intended state of the material or to suit the application method, such 
as coating, by suitable selection of divinyl group-containing compound (B) that senses as a oopolymerization compo- 
nent tiie bonding component (crossllnking component). 

[0051] Also, If needed, there is no problem with blending other copolymers into tiie present copolymer so long as 
the required properties are not compromised. It is also possible to add antioxidants, colorants, fillers, and the like that 
30 are normally used In Insulating films, weatiierproof films, the binder layer of laminates, impregnated insulation materi- 
als, and so fortii. 

[0052] The present copolymer usually contains no monomer components because the reaction components have 
reacted completely, and tiierefore has good storage stability, allowing it to be used as Is. Monomers can also be 
removed in tiie event that the reaction is incomplete. 
35 [0053] A manufacturing metiiod will now be described in detail for a case in which divinyltetramethyldisiloxane 
((ViMe2Si)20) Is used as a crossllnking component 

[0054] 13.5 g (0.032 mol) Of hydrogenated octasilsesquioxane and 5.95 g (0.032 mol) of dlvinyttrtramethykfisl- 
loxane ((ViMe2Si)20) dissolved In 700 mL of toluene distilled from sodium under a nitrogen atmosphere were put into 
a 1 L tiiree-necked flask purged with nitrogen and equipped with a magnetic stiner and an air-cooled compressor. 0.05 

40 g Of a toluene solution (containing 200 ppm platinum by weight) of a zero-valent platinum complex of divinyltetrameth- 
yldisiloxane was added under agitation to tiie above systenri. The system was allowed to react while maintained at GO^'C 
for 20 hours after this addition, and was then cooled, filtered, and dried by a rotary evaporator. The system was further 
dried at ambient temperature under vacuum. 75 mL Of hexane was used to separate the polymer from tiie small 
amount of excess hydrogenated octasilsesquioxane that remained. The slightiy dissolved hydrogenated silsesquioxane 

45 (1 .7 g) was filtered off. Hexane was removed from tiie filtrate under a vacuum, and the solid copolymer was dried for 3 
hours at 40^*0 under a vacuum. The yieki was 1 6.26 g, which was 91 .3% of the theoretical value. 
[0055] The present invention will now be described in detail through working examples. These examples are uti- 
lized to give a better understanding of the present invention, and the present invention is not limited by tiieir content 
[0056] Working Example 1 . 2.12 g (0.005 mol) Of hydrogenated octasilsesquioxane was dissolved in 100 mL of tol- 

50 uene in a 200 mL flask. 0.97 g (0.005 mol) Of divinyftetramethyldisiloxane was added to this solution, and 0.05 g of a 
toluene solution (containing 200 ppm platinum by weight) of zero-valent platinum complexed witii divinyltetramethyldis- 
iloxane was added. After tills, the mixture was heated to 55^*0 while being mixed under an argon gas flow, and the tem- 
perature was held at 55°C for 20 hours. Upon completion of tiie reaction, the product was cooled to room tenperature. 
and tiie organic solvent was distilled off under reduced pressure. The resulting copolymer was soluble in toluene, chlo- 

55 reform, and methyl isobutyl ketone. 

[0057] The characteristics of tills copolymer were as follows. 

[0058] 293j.f^,^f^. ^ g 44 ^ b-etiiylene-MeaSiO-) d 65.60 (ettiylene-SiOayg-) d-84.61 (HSiOa/g-)- ™s com- 

pound was basically a copolymer in which hydrogenated octasilsesquioxane was bonded with a divinyl compound, and 
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was soluble in organic solvents. 

[0059] Working Examples 2 to 9 and Comparative Example 1 . Working Examples 2 to 9 and Comparative Example 
1 were conducted, with the blend ratio of the divlnyt group-containing compound (B) to the hydrogenated octasilsesqui- 
oxane (A) and the type of compound (B) varied as shown In Table 1 , and with the other conditions the same as in Work- 
6 ing Example 1. 

[0060] Working Example 1 0. 1 .5 g (0.035 mol) Of hydrogenated octasilsesquioxane was dissolved in 1 00 mL of tol- 
uene in a 200 mL flask, 0.455 g (0.0035 mol) Of divinylbenzene and 0.05 g of a toluene solution (containing 200 ppm 
platinum by weight) of zero-valent platinum complexed with divinyltetramethyldisiloxane were added to this solution. 
After this, the solution was heated to eo^'C while being agitated under an argon gas flow, and the temperature was held 

10 constant for 20 hours. Upon completion of the reaction, the solution was cooled to room temperature, and the organic 
solvent was distilled off under reduced pressure. A polysiloxane was obtained in the form of a waxy, white solid. This 
copolymer was soluble in toluene, chloroform, and methyl isobutyl ketone. The characteristics of this copolymer were 
as follows. ^^Si-NMR: d 8.44, d (-a and b-ethylene-MesSiO-) d 65.60 (ethylene-SiOa/s-) d-84.61 (H8i03/2-) 
[0061] Working Example 11. The blend ratio of the divinyl group-containing compound (B) to the hydrogenated 

IS octasilsesquioxane (A) and the type of divinyl group containing compound (B) were varied as shown in Table 1 . and the 
other conditions are the same as in Working Example 1 0. 

[0062] Comparative Example 2. A solution of 12.7 g of trichlorosilane (l-ISiCIs) in 150 mL of toluene was slowly 
added to a vigorously agitated mixture composed of 200 mL toluene, 80.3 g sulfuric add (95 to 98% H2SO4), and 60.4 
g fuming sulfuric acid (15% SO3). The addition of the silane to the acid medium was performed over a period of 6.5 

20 hours. Upon completion of this addition, the reaction mixture was poured into a separating funnel and the add phase 
removed. The toluene phase was washed until neutral, after which the toluene solution was filtered to obtain 0.1 g of 
insoluble substance. The toluene solution was evaporated yielding 4.9 g (97.8% yield) of solid resin polymer (HSi03/2)n- 
This riBsin is temied "conventional resin composed of hydrogenated silsesquioxane" in Table 2. 
[0063] Comparative Example 3. 8.5 g (0.020 mol calculated as hydrogenated octasilsesquioxane) Of a solid resin 

25 polymer that was completely soluble in hexane and was obtained according to the method described in Working Exam- 
ple 1 of Japanese Patent Publication S43-31838 was dissolved in 400 mL of toluene under an argon atmosphere. 0.05 
g Of a toluene solution (containing 200 ppm platinum by weight) of zero-valent platinum conplexed with divinyltetram- 
ethvldisiloxane and 4.0 g (0.021 mol) of divinyltetramethyldisiloxane ((Me,ViSi)20) were added to the above solution 
and mixed for 64 hours at eo^'C. This solution was then filtered and the residue subjected to reduced pressure at room 

30 temperature, which gave a solid in the form of a gel. This gel was insoluble in toluene and in hexane. 

[0084] In Table 1 are compiled the forms of the copolymers obtained by the manufacturing methods of the above- 
mentioned Working Examples 1 to 11 and Comparative Example 1, In which hydrogenated octasilsesquioxane (^Tg) 
and various divinyl group-containing conpounds were used as raw nfiaterials. 
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Table 1 



Forms of copolymers obtained by varying the molar ratios of hydrogenated octasilsesquioxane (A) (^Tg) and various 

divinyl group-containing compounds (B) 


Exam pie 
No. 


(Top row) Type (struc- 
ture) of divinyl com- 
pound (B) (Bottom 
row) Molar ratio of 
divinyl compound (B) 
to ^Ta (calculated for 
1 mol "Ta) 


Form of 
product 


Number 
average 
molecular 
• weight 


Weight 
average 
molecular 
weight 


Tg(°C) 


Yield (%) 


Wt. loss at 
450«C{%) 


W. E. 1 


ViMe2SiOSiMe2Vi 
1.0 


soluble solid 


3090 


60100 


30 


91.3 


11 


WE. 2 


ViMe2SiOSiMe2Vi 
0.25 


soluble solid 


«1000 


«1300 








WE. 3 


ViMe2SiOSiMe2Vi 
1.5 


soluble solid 


3610 


93400 


70 


86.4 




WE. 4 


ViMe2SiOSiMe2Vi 
2.0 


soluble solid 


6360 


331400 


115 


96.2 


4 
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Table 1 (continued) 





Forms of copolymers obtained by varying the molar ratios of hydrogenated octasilsesquioxane (A) (^Ta) and various 

divinyl group-containing compounds (B) 


5 
10 


Example 
No. 


(Top row) Type (struc- 
ture) of divinyl com- 
pound (B) (Bottom 
row) Molar ratio of 
divinyl compound (B) 
to ^Tq (calculated for 
1 mol "Tg) 


Form of 
product 


Number 
average 
molecular 
weight 


Weight 
average 
molecular 
weight 


Tgf^C) 


Yield (%) 


Wt. loss at 
450»C(%) 




W.E.5 


ViPhgSiOSiPhgVi 
2.0 


soluble solid 


1020 


1360 








15 


W. E.6 


ViPhgSiOSiPhaVi 
0.5 


soluble solid 


1310 


12600 








20 


W.E.7 


ViPhaSiOSiPhaVi 

1.0 


soluble solid 


2400 


108600 




93.5 




W. E8 


Vi(Me2SiO)5SiMe2Vi 
1.0 


soluble liquid 


4410 


8230 


60 


84.2 




25 


W. E.9 


Vi(Me2SiO)6SIMe2Vi 
1.0 


soluble liquid 


3250 


7790 


70 


92.4 






W. E. 10 


ViC6H4Vi 
1.0 


soluble solid 


9670 


17540 




96.4 




30 


W. E.11 


ViC6H4Vi 

2.0 


soluble solid 


9980 


284000 










C.E.1 


ViMeeSiOSiMeaVi 
3.0 


gel 
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(W. E.: Working Example: C. E.: Comparative Example) 

^Tq= hydrogenated octasilsesquioxane, Vi s vinyl group, Me= methyl group, Ph = phenyl group 

Blank spaces in the columns for Tg, Yield, and Weight loss at 450''C indicate that no measurement was made. 



40 [0065] The manufacturing method of the present invention allows the desired copolymer to be manufactured by 
reacting at least 0.2 mol but less than 3 mol of a divinyl group-containing compound (B) per mole of hydrogenated 
octasilsesquioxane (A), but as is clear from the results given in Table 1 . within this range there is a sub-range of at least 
0.25 mol but less than 2 mol that is suited to obtaining an organic solvent-soluble copolymer. 

45 Dielectric constants of various polysiloxane polymers and films formed from them 

[0066] The present copolymers obtained in Working Examples 1 and 10 and the "resin composed of a conventional 
silsesquioxane" obtained In Comparative Example 2 were each dissolved in toluene to a solids concentration of 20 wt%. 
and this toluene solution was used to spin coat a silicon wafer. 
so [0067] The coating on this wafer was then heated for 1 hour at lOO^'C in a nitrogen atmosphere, and then heated 
fbr another 2 hours at 200''C. It was then heated for 40 minutes in an argon atmosphere while the temperature was 
raised at a rate of 5**C per minute. After this, the coating film was finally heated for 1 hour at 400**C. which gave a film 
with a thickness of approximately 500 nm. Table 2 shows the results of measuring the dielectric constants of these coat- 
ing films at various frequencies. 

55 



10 



EP1 036 808 A2 



Table 2 



Coating films composed of various types of material and their dielectric constants 


Dielectric constant (fre- 


Coating material 




Present invention copol- 
ymer obtained in Work- 
ing Example 1 


Present invention copol- 
ymer obtained in Work- 
ing Example 10 


Resin composed of conventional 
hydrogenated silsesquioxane 
obtained in Comparative Exam- 
ple 2 


0,1 kHz 


2.70 


2.77 


3.45 


1.0 kHz 


2.70 


2.77 


3.45 


10.0 KHz 


2.70 


2.77 


3.44- 


100 KHZ 


2.68 


2.76 


3.43 


1.0 MHz 


2.66 


2.75 


3.40 


10.0 MHz 


2.61 


2.75 


3.37 


Apparatus used to measure dielectric constant: Hewlett-Packard 4194A Impedance Analyzer. 



[0068] The dielectric constant at a particularly high frequency is negatively correlated to electrical insulation. Spe- 
25 crfically, a low dielectric constant is an index indicating excellent electrical insulation. Table 2 above shows that the 

copolymers obtained with the manufacturing method of the present invention have a lower dielectric constant and better 

electrical insulation properties than the copolymer of the conparative example, particularly at high frequency. 

[0069] Also, a copolymer ot>tained with the method of the present Invention will have adequate storage stability if 

stored so that it does not come into contact with water. After the copolymer has been applied by coating, dipping, or 
30 another such means, it absort)s the moisture in the air (and is heated if needed), which promotes crosslinking arxj cur- 

Ing, resulting in a layer and coating film having the necessary mechanical and electrical insulating characteristics. 

[0070] As discussed above, a copolymer obtained with the manufacturing method of the present invention will have 

excellent properties as an Insulation material. 

35 Claims 

1. A method for manufacturing an organic solvent-soluble hydrogenated octastlsesquioxane-vinyl group-containing 
copolymer comprising reacting 1 mol of (A) a hydrogenated octasilsesquioxane described by formula I 




with 0.2 to less than 3 mol of (B) a divinyl group-containing compound described by formula (2) 
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CH2=CH-L-CH=CH2 Formula 2 

where L is selected from the group consisting of 

(a) a divalent hydrocartx)n group comprising 3 to 10 cart)on atoms and 

(b) -(SiR20)m-SiR2-. where each R is independently selected from the group consisting of alkyls comprising 1 
to 6 carbon atoms and aryls comprising 6 to 9 carbon atoms and 1 ^ m ^ 1 0; in the preesence of a hydrosyla- 
tion catalyst 

A method according to Claim 1, where the component (a) divalent hydrocarbon group Is an aryl group. 

A method according to Claims 1-2, where R is an aryl group and m Is a number from 2 to 10. 

A method according to Claims 1-3, where the divinyl group-containing compounds is selected from the group 
described by formulas ViMe2SiOSiMe2Vi, ViPh2SIOSiPh2Vi, Vi(Me2SiO)5SIMe2VI. VI{Me2SiO)6SiMe2Vi and 
ViCel-UVi. where Vi is vinyl, Ph is phenyl and Me is methyl. 

A method according to Claims 1 -4, where tiie hydrosilytation catalyst is selected from the group consisting of plat- 
inum chloride, chloroplatinic acid, a platinum-def in complex, a platinum-phosphine complex, a platinum-vinylsi- 
loxane complex, and solutions tiiereof. 

A method according to Claims 1-5 comprising 0.25 to less than 2 mol of the divinyl group-containing compound. 

An organic solvent-soluble hydrogenated octasilsequioxane -vinyl group- containing copolymer prepared by the 
method of Claims 1-6. 

An electrical insulating film obtainable from the copolymer of Claim 7. 
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